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DESCRIPTION 

NOVEL MICROORGANISM AND PROCESS FOR TREATMENT OF ORGANIC 
SOLID MATTER USING THE MICROORGANISM 

5 Technical Field 

The present invention relates to a novel microorganism having an abihty 
to produce a solubilizing enzyme which solubilizes a variety of organic solid matter 
such as biological sludge including raw sludge and excess sludge discharged from 
sewage treating processes at sewage treatment plants, night soil treatment plants 
10 or the like, or organic sludge discharged from production processes or wastewater 
treatment processes at food plants, chemical plants or the hkej and a process for 
treatment of organic soUd matter using the microorganism. 

Background Art 

15 Conventionally, there have been hitherto reports on the processes for 

treating a variety of organic sohd matter such as biological sludge including raw 
sludge and excess sludge discharged from sewage treating processes at sewage 
treatment plants, night soil treatment plEmts or the like, or organic sludge 
discharged from production processes or drainage treatment processes at food 

20 plants, chemical plants or the like, which are the processes for solubilization of 
organic solid matter, wherein organic solid matter is biologically decomposed by 
the action of bacteria or the UkeJ and the strsdns which are expected to be apphed 
thereto, as described in the following Prior Art Documents 1 to 4. 
Prior Art Dociunent i: JP-ANo. 7-184640 

25 Prior Art Document 2- Report on Development of New Drainage 

Treatment System Utilizing Biotechnology (Part on Sewage), pp. 73-77, PubUc 
Works Research Center (Japan) (Feb. 1991). 
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Prior Art Document 3- Shigeru Kume and Yusaku Fujio, "Digestion of 
Municipal Sewage Sludge by a Mixture of Thermophilic Bacilli and Their Culture 
Extract," J. Gen. Appl. Microbiol., 36, 189-194 (1990). 

Prior Art Document 4' Yusaku Fujio and Shigeru Kume, "Isolation and 
5 Identification of Thermophilic Bacteria from Sewage Sludge Compost," Journal of 
Fermentation and Bioengineering, Vol. 72, No. 5, 334-337 (1991). 

The above-mentioned Prior Art Docvmient 1 relates to a process for 
treatment of a yeast extract residue using a strain producing an enzyme which 
specifically decomposes the yeast extract residue, nsunely, a strain belonging to 
10 genus Oerskovia sp. 24 (FERM P- 13692). 

The above-mentioned Prior Art Docimient 2 discloses an anaerobic strain 
belonging to Clostridium bifermentans. which achieves specific solubilization of 
sterilized excess sludge under anaerobic conditions. 

Further, the above-mentioned Prior Art Documents 3 and 4 disclose 
15 digestion of sludge using a strain belonging to Bacillus stesirothermophilus which 
is isolated from sewage sludge compost aerobically under high temperature 
conditions. 

However, according to Prior Art Document 1, there is a problem that the 
subject that can be treated by decomposition is substantially limited to the yeast 
20 extract residue. 

Also, the strains disclosed in Prior Art Documents 2 to 4 are known to 
show low treatment efficiencies because they respectively show efficiencies for 
sludge solubilization of 25% after 10 days and of about 40 to 50% after 20 days, 
thus requiring a long period of time to achieve a predetermined solubilization rate. 
25 Further, such low treatment efficiency still remains as a problem to be solved in 
the industrial use of the strains. 
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Disclosure of the Invention 

In order to solve these problems, the present inventors have searched for a 
microorganism which has an excellent effect for solubihzing organic soUd matter 
such as sludge and which can increase the treatment efficiency by significantly 
5 reducing the treatment time to achieve a predetermined solubilization rate. 

As a result, they isolated a novel microorganism belonging to genus 
Geobacillus which satisfies such requirements, thus completing the present 
invention. 

Thus, the invention described in claim 1 is a novel microorganism 
10 belonging to genus Geobacillus. which has an ability to produce a solubilizing 

enzyme for solubilizing organic soUd matter such as organic sludge or biological 
sludge. 

Further, the invention described in claim 2 is a novel microorganism 
belonging to genus Geobacillus, which has an ability to produce a solubilizing 
15 enzyme for solubilizing organic solid matter such as organic sludge or biological 
sludge and has the following mycological characteristics^ 

A. Morphological characteristics 

(l) Shape and size of cell* rod-shaped cell with a width of 0.7 to 0.8 jjim 
and a length of 2.0 to 4.0 |xm 
20 (2) Presence or absence of motility: present 

(3) Presence or absence of spore: present 

B. Cultivating characteristics (Nutrient agar plate culture) 

(1) Colony morphology: circular, entirely smooth edge, low convex 

(2) Color: cream color 
25 (3) Gloss: present 

C. Physiological characteristics 
(l) Gram staining property: + 
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(2) Nitrate reduction- — 

(3) Indole production- — 

(4) Hydrogen sulfide production: — 

(5) Use of citric acid: — 
5 (6) Urease: - 

(7) Oxidase: + 

(8) Catalase: + 

(9) Attitude to oxygen: aerobic 

(10) 0-F test (glucose): 

10 (11) Production of acid and gas from saccharides 

D-glucose: acid (+)/gas (— ). 
The invention described in claim 3 is a novel microorganism belonging to 
genus Geobacillus. which has an abiUty to produce a solubihzing enzyme for 
solubihzing organic solid matter such as organic sludge or biological sludge and 
15 has the following mycological characteristics: 

A. Morphologiced characteristics: 

(1) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 \im 
and a length of 2.0 to 4.0 \xm 

(2) Presence or absence of motility: present 
20 (3) Presence or absence of spore: present 

B. Cultivating characteristics (Nutrient agar plate culture) 

(1) Colony morphology: circular, entirely smooth edge, low convex 

(2) Color: cream color 

(3) Gloss: present 

25 C. Physiological characteristics 

(1) Gram staining property: + 

(2) Nitrate reduction: — 



1. 
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(3) Indole production' — 

(4) Hydrogen sulfide production- — 

(5) Use of citric acid^ — 

(6) Urease" — 
5 (7) Oxidase: + 

(8) Catalase: + 

(9) Attitude to oxygen: aerobic 

(10) 0-F test (glucose): 

(11) Production of acid and gas from saccharides 
10 D-glucose: acid (+)/gas (— ) 

(12) Fermentability test 

(a) D-glucose: + 

(b) D-fructose: + 

(c) D-maimose: + 
15 (d) D-sorbitol: — 

(e) Inositol: — 
(£) Maltose: + 
(g) Trehalose: + 

(13) Other physiological characteristics 
20 (a) p-Galactosidase activity: — 

(b) Arginine dihydrolase activity: — 

(c) Lysine dicarboxylase activity: — 

(d) Tryptophan deaminase activity: — 

(e) Acetoin production: — 
25 (0 Gelatinase activity: + 

(g) Ornithine dicarboxylase activity: — . 
The invention described in claim 4 is the novel microorganism according 
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to claim 1, which is Geobacillus sp. SPT4 (FERM BP-08452); the invention 
described in claim 5 is the novel microorganism according to claim 1, which is 
Geobacillus sp. SPT5 (FERM BP-08453); the invention described in claim 6 is the 
novel microorganism according to claim 1, which is Geobacillus sp. SPT6 (FERM 
5 BP-08454); and the invention described in claim 7 is the novel microorganism 
according to claim 1, which is Geobacillus sp. SPT7 (FERM BP-08455). 

The invention described in claim 8 is a novel microorganism belonging to 
genus Geobacillus. which has an ability to produce a solubilizing enzyme for 
solubihzing organic solid matter such as organic sludge or biological sludge and 
10 has a base sequence of IGSrRNA gene as described in SEQ ID No. 1 in the 
sequence listing. 

The invention described in claim 9 is a novel microorganism belonging to 
genus Geobacillus. which has an ability to produce a solubilizing errzyme for 
solubilizing organic solid matter such as organic sludge or biological sludge and 
15 has a base sequence of IGSrRNA gene as described in SEQ ID No. 2 in the 
sequence listing. 

The invention described in claim 10 is a novel microorganism belonging to 
genus Geobacillus. which has an abiUty to produce a solubilizing enzyme for 
solubilizing organic solid matter such as organic sludge or biological sludge and 
20 has a base sequence of IGSrRNA gene as described in SEQ ID No. 4 in the 
sequence Usting. 

The invention described in claim 11 is a process for treatment of organic 
solid matter in which organic solid matter such as organic sludge or biological 
sludge is solubihzed using at least one novel microorganism according to any one 
25 of claims 1 to 10. 

The invention described in claim 12 is a process for treatment of organic 
sohd matter in which organic solid matter such as organic sludge or biological 
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sludge is solubilized by a mixture of microorganisms comprising any one of the 
novel microorganisms according to claims 4, 5 and 6 and the novel microorganism 
according to claim 7. 

According to the present invention, as described above, there are provided 
5 novel microorganisms belonging to genus Geobacillus such as Geobacillus sp. SPT4, 
Geobacillus sp. SPT5, Geobacillus sp. SPT6 and Geobacillus sp. SPT7, which have 
the property of solubilizing organic solid matter such as biological sludge or 
organic sludge. 

In particular, since the present invention exhibits an excellent effect for 
10 sludge solubilization within an extremely short time period of about one day, in the 
case of applying the present invention to an actual apparatus, there is obtained an 
effect of shortening the time for starting up operation of the apparatus. 

Further, since the present invention exhibits an excellent solubilizing 
effect at a mild temperature of about 50**C to GS'^C, in the case of applying the 
15 present invention to an actual apparatus, there is obtained an effect of 
significantly improving economic efficiency in the aspect of energy. 

Furthermore, it is possible to efficiently solubihze a variety of organic 
solid matter such as biological sludge including raw sludge and excess sludge that 
are discharged from sewage treatment processes at sewage treatment plants, 
20 night soil treatment plants or the like, or organic sludge that is discharged from 
production processes or from wastewater treatment processes at food plants, 
chemical plants or the like, by means of a process for treatment of solubilizing 
organic solid matter such as organic sludge or biological sludge using these novel 
microorganisms . 

25 Especially, when a mixture of microorganisms comprising Geobacillus sp. 

SPT7 and any one of Geobacillus sp. SPT4, Geobacillus sp. SPT5 and Geobacillus 
sp. SPT6 is used, there is obtained an effect of further improving the rate of 
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solubilization of sludge. 

Brief Description of the Drawings 
Fig. 1 is a schematic block diagram illustrating an apparatus for 
5 treatment of organic wastewater using a microorganism in an embodiment. 

Fig. 2 is a schematic block diagram illustrating an apparatus for 
treatment of organic wastewater in another embodiment. 

Fig. 3 is a schematic block diagram illustrating an apparatus for 
treatment of organic wastewater in another embodiment. 
10 Fig. 4 is a schematic block diagram illustrating an apparatus for 

treatment of organic wastewater in another embodiment. 

Fig. 5 is a schematic block diagram illustrating an apparatus for 
treatment of organic wastewater in another embodiment. 

Fig. 6 is a schematic block diagram illustrating an apparatus for 
15 treatment of organic wastewater in another embodiment. 

Fig. 7 is a schematic block diagram illustrating an apparatus for 
treatment of organic wastewater in another embodiment. 

Fig. 8 is a block diagram of the batch t3npe treatment process carried out in 
the apparatus for treatment of Fig. 7. 
20 Fig. 9 is a schematic block diagr2un illustrating an apparatus for 

treatment of organic wastewater in another embodiment. 

Fig. 10 is a schematic block diagram illustrating an apparatus for 
treatment of organic wastewater in another embodiment. 

Fig. 11 is a schematic block diagram illustrating an apparatus for 
25 treatment of orgemic wastewater in another embodiment. 

Best Mode for Carrying Out the Invention 



Hereinafter, embodiments of the present invention will be described. 
[Strain screening] 

Isolation of microorganism in each of the below described embodiments of 
the invention was carried out as follows. 

From the excess sludge discharged from a sewage treatment plant, sludge 
for strain separation was collected. Thus collected sludge was diluted IxlO"^ to 
10"^ times with sterihzed water and then applied on an agar plate containing a 
nutrient agar medium (manufactured by Oxoido Limited). This plate was 
incubated overnight at 60*'C to obtain single colony. 

For the obtained single colony, the abihty to decompose skim milk and the 
ability to decompose sterilized sludge were examined based on the presence or 
absence of halo formation in a substrate complex medium, and among the 
haIo"forming strains, four strains showing particularly high ability of sludge 
decomposition were selected as characteristic strains. Specifically, determination 
was made with naked eyes in agar media mixed with 0.1 wt%/vol% of the strains, 
respectively, according to the extent of halo (plaque) formation. 

Calibration for the ability to decompose skim milk was carried out by a 
modified method in R. Beaudet, C. Gagnon, J.G. BisaiUon and M. Ishaque, 
"Microbiological Aspects of Aerobic Thermophihc Treatment of Swine Waste," 
Applied and Environmental Microbiology, pp. 971-976 (April, 1990). 

(Embodiment l) 

One strain among the selected four strains was tested for the mycologiced 
characteristics in the manner as described above. The mycological characteristics 
(morphological characteristics, cultivating characteristics and physiological 
characteristics) are as follows^ 
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A. Morphological characteristics 

(1) Shape and size of cell- rod-shaped cell with a width of 0.7 to 0.8 jxm 
and a length of 2.0 to 4.0 \xm 

(2) Presence or absence of motihty: present 
5 (3) Presence or absence of spore- present 

B. Cultivating characteristics (Nutrient agar plate culture) 

(1) Colony morphology^ circular, entirely smooth edge, low convex 

(2) Color- cream color 

(3) Gloss* present 

10 C. Physiological characteristics 

(1) Gram staining property: + 

(2) Nitrate reduction^ — 

(3) VP test: - 

(4) Indole production: — 

15 (5) Hydrogen sulfide production: — 

(6) Hydrolysis of starch: — 

(7) Use of citric acid: — 

(8) Urease: — 

(9) Oxidase: + 
20 (10) Catalase: + 

(11) Growth conditions 

(a) pH: 6.0 to 8.0 

(b) Temperature: 45°C to 65°C 

(12) Attitude to oxygen: aerobic 

25 (13) 0-F test (Hugh Leifson method): -/- 

(14) Production of acid and gas from saccharides 
D'glucose: acid (+)/gas (— ) 
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(15) Fermentability test 

(a) Glycerol- — 

(b) L-arabinose: — 

(c) D-xylose- — 

(d) D- galactose : — 

(e) D- glucose : + 
(£) D -fructose- + 

(g) D-mannose- + 

(h) D-mannitol: + 

(i) Inositol* — 
(j) Sorbitol: - 
(k) Maltose: + 
(1) Lactose: + 
(m) Sucrose: — 
(n) Trehalose: + 

(16) Other physiological characteristics 

(a) p-Galactosidase activity: — 

(b) Arginine dihydrolase activity: — 

(c) Lysine dicarboxylase activity: — 

(d) Tryptophan deaminase activity: — 

(e) Acetoin production: — 
(£) Gelatinase activity: + 

(g) Ornithine dicarboxylase activity: — . 

Further, the measurement of pH and temperature for growth of the strain 
among the above-described physiological characteristics was carried out as follows. 

A nutrient agar medium (manufactured by Oxoido Limited) was prepared 
in which pH was adjusted to the pH under test (6.0, 6.5, 7.0, 7.5 and 8,0) using 0.1 
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N hydrochloric acid (manufactured by Wako Pure Chemical Industries, Ltd.) and 
0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries, Ltd.), 
or either of them. To this medium, the strain of the present embodiment was 
inoculated, the amount of cell growth for the strain cultivated at 60**C for 15 hours 
5 was observed, and the degree of growth was measured qualitatively. The results 
are presented in the following Table 1. 



Table 1 

+■ positive ±: weakly positive 



pH 


Degree of growth 


6.0 


+ 


6.5 


+ 


7.0 


+ 


7.5 


+ 


8.0 
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As obvious from Table 1 above, it was found that the strain of the present 
embodiment grows at a pH in the range of 6.0 to 8.0. 

Next, a nutrient agar medium (manufactured by Oxoido Limited) which 
was adjusted to pH 6.5 using 0.1 N hydrochloric acid (manufactured by Wako Pure 

15 Chemical Industries, Ltd.) and 0.1 N sodium hydroxide (manxifactured by Wako 

Pure Chemical Industries, Ltd.), or either of them, was prepared. To this medium, 
the strain of the present embodiment was inoculated, and the amount of cell 
growth of the strain cultivated at the temperatures under test (37**C, 45**C, 50''C, 
60*'C and 65^C) for 15 hours was observed to measure the degree of growth 

20 quahtatively. The results are presented in the following Table 2. 

Table 2 

+• positive ±- weakly positive — • negative 



Temperature 



Degree of growth 
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37°C 




45°C 


± 


50°C 


+ 


GCC 


+ 


65»C 


+ 



As obvious from Table 2 above, it was found that the strain of the present 
embodiment grows at a temperature in the range of 50**C to 65**C. 

Furthermore, the base sequence of IGSrRNA gene of this strain was 
5 interpreted. The sequence is as described in SEQ ID No. 1 in the sequence Usting. 
In this interpretation, IGSrRNA gene of the strain of the present embodiment was 
first amphfied by the PGR method. PGR was carried out with the DNA purified 
from the strain of the present embodiment which had been subjected to shaking 
incubation at GC^C for G hours, according to the method by Heng Zhu, et al. (Heng 

10 Zhu, Feng Qu and Li-Husang Zhu, "Isolation of genomic DNAs from 1993), as a 
template. For the primer, the two synthetic oligonucleotides (27f, 1492r) 
described in "Glassification of Microorganisms and Experimentation for 
Glassification: Based on Techniques from Molecular Gtenetics and Molecular 
Biology" (edited by Kenichiro Suzuki, Akira Hiraishi and Akira Yokota, 

15 Springer- Verlag, Tokyo) were used. The base sequences of these primers are as 
described in SEQ ID Nos. 5 and G in the sequence listing. 

The PGR reaction was carried out as follows. A reaction solution 
comprising IxPCR Buffer (Toyobo Go., Ltd.), 0.2 mM dNTPs (Toyobo Go., Ltd.), 1 
mM MgS04 (Toyobo Go., Ltd.), 100 mg of DNA of the strain of the present 

20 embodiment, 0.5 \jM each of the primers and KOD-Plus-(Toyobo Go., Ltd.) was 
treated at 94**G for 2 minutes and then was subjected to 30 cycles consisting of 
thermal denaturation at 94'*G for 30 seconds, annealing at 55**G for 30 seconds and 
extension at G8**G for 1.5 minutes. Finally, after performing extension at GS'^G for 
7 minutes, the PGR product was obtained. This PGR product was purified using 
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a QIA quick PGR Purification Kit (Qiagen Inc.), and then the base sequence of 
IGSrRNA gene was determined. Determination of the base sequence of the gene 
was carried out using a DNA decoding device (DNA sequencer). 

For the base sequence of the strain of the present embodiment, a BLAST 
5 homology search was carried out in the National Center for Biotechnology 

Information (NCBI http7/www.ncbi.nlm.nih.gov) which is a database of genes, and 
as a result, it was found that the base sequence was approximate to IGSrRNA gene 
of a known bacteria belonging to genus Geobacillus which is registered with the 
database. 

10 From the results of the test for mycological characteristics such as the 

above or from the base sequence of IGSrRNA gene, the strain of the present 
embodiment was acknowledged to be a novel microorganism belonging to genus 
Geobacillus and was designated as Geobacillus sp. SPT4, which was deposited 
with the International Patent Organism Depositary of the National Institute of 

15 Advanced Industrial Science and Technology on August 18, 2003 (FERM 
BP-08452). 

As described in the following Examples, this strain Geobacillus sp. SPT4 
has a property of producing a sludge solubilizing enzyme having an excellent 
abihty of sludge solubilization. Therefore, this strain can be used in various 

20 processes for biological treatment of sludge as described later. That is, the 
above-mentioned strain can be added to a variety of sludge such as biological 
sludge including raw sludge and excess sludge that are discharged from sewage 
treatment processes at sewage treatment plants, night soil treatment plants or the 
hke, or organic sludge that is discharged from production processes or from 

25 wastewater treatment processes at food plants, chemical plants or the like, to 
appropriately solubilize these sludges. 

The amount of addition of the strain should be smtably selected according 
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to the content of organic solid matter in the sludge to be treated and other 
properties and is not particularly limited. However, for example, in the case of a 
bacterial culture solution incubated in a nutrient broth medium (manufactured by 
Oxoido Limited) for about 15 hours, it is preferable to add about 0.5 to 3% by 
volume of the solution to the sludge. 

(Embodiment 2) 

Another strain among the selected four strains was tested for the 
mycological characteristics in the manner as described above. The mycological 
characteristics (morphological chgiracteristics, cultivating characteristics and 
physiological characteristics) are as follows- 

A. Morphological characteristics 

(1) Shape and size of cell- rod-shaped cell with a width of 0.8 jxm and a 
length of 2.0 to 4.0 ^mi, cell extension observed 

(2) Presence or absence of motility^ present 

(3) Presence or absence of spore: present 

B. Cultivating characteristics (Nutrient agar plate culture) 

(1) Colony morphology^ circular, entirely smooth edge, low convex 

(2) Color: cream color 

(3) Gloss: present 

C. Physiological characteristics 

(1) Gram staining property: + 

(2) Nitrate reduction: — 

(3) VP test: - 

(4) Indole production: — 

(5) Hydrogen sulfide production: — 

(6) Hydrolysis of starch: — 
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(7) Use of citric acid- — 

(8) Urease- — 

(9) Oxidase: + 

(10) Catalase: + 

(11) Growth conditions 

(a) pH: 6.0 to 8.0 

(b) Temperature: 50^0 to 65**C 

(12) Attitude to oxygen: aerobic 

(13) 0-F test (Hugh Leifson method): -/- 

(14) Production of acid and gas from saccharides 

D-glucose: acid (+)/gas (— ) 

(15) Fermentabihty test 

(a) Glycerol: + 

(b) L-arabinose: + 

(c) D-xylose: + 

(d) D- galactose: + 

(e) D-glucose: + 
(£) D -fructose: + 

(g) D mannose: + 

(h) D-mannitol: + 
(0 Inositol: — 

(j) Sorbitol: - 
(k) Maltose: + 
C) Lactose: — 
(m) Sucrose: + 
(n) Trehalose: + 

(16) Other physiological characteristics 
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(a) p-Galactosidase activity* — 

(b) Arginine dihydrolase activity^ — 

(c) Lysine dicarboxylase activity* — 

(d) Tryptophan deaminase activity' — 
5 (e) Acetoin production" — 

(0 Gelatinase activity^ + 
(g) Ornithine dicarboxylase activity: — . 
Further, the measurement of pH and temperature for growth of the strain 
among the above -described physiological characteristics was carried out as follows. 
10 A nutrient agar medium (manufactured by Oxoido Limited) was prepared 

in which pH was adjusted to the pH under test (6.0, 6.5, 7.0, 7.5 and 8.0) using 0.1 
N hydrochloric acid (manufactured by Wako Pure Chemical Industries, Ltd.) and 
0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries, Ltd.), 
or either of them. To this medium, the strain of the present embodiment was 
15 inoculated, and the amount of cell growth for the strain cultivated at 60**C for 15 
hours was observed to measure the degree of growth qualitatively. The results 
are presented in the following Table 3. 

Table 3 

20 +: positive ±' weakly positive 



pH 


Degree of growth 


6.0 


+ 


6.5 


+ 


7.0 


+ 


7.5 


+ 


8.0 





As obvious from Table 3 above, it was found that the strain of the present 
embodiment grows at a pH in the range of 6.0 to 8.0. 

Next, a nutrient agar medium (manufactured by Oxoido Limited) which 
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was adjusted to pH 6.5 using 0.1 N hydrochloric acid (manufactured by Wako Pure 
Chemical Industries, Ltd.) and 0.1 N sodium hydroxide (manufactured by Wako 
Pure Chemical Industries, Ltd.), or either of them, was prepared. To this medixmi, 
the strain of the present embodiment was inoculated, and the amount of cell 
growth of the strain cultivated at the temperatures under test (ST*C, 45**C, SO^'C, 
60**C and 65^C) for 15 hours was observed to measure the degree of growth 
quaUtatively. The results are presented in the following Table 4. 



Table 4 
+* positive — • negative 



Temperature 


Degree of growth 


37°C 




45°C 






+ 


GCC 


+ 




+ 



As obvious from Table 4 above, it was found that the strain of the present 
embodiment grows at a temperature in the range of 50*^0 to 65°C. 

Furthermore, the base sequence of IGSrRNAgene of this strain was 
interpreted. The sequence is as described in SEQ ID No. 2 in the sequence listing. 
In this interpretation, IGSrRNAgene of the strain of the present embodiment was 
amplified by the PCR method. The PCR method was carried out in the same 
procedure as in Embodiment 1. The temperatvire conditions and the reaction 
cycle were also the same as in Embodiment 1. 

The primers used were also the same as in Embodiment 1. Also, 
determination of the base sequence of the gene was carried out with the same DNA 
decoding device (DNA sequencer) as in Embodiment 1. 

For the base sequence of the strain of the present embodiment, a BLAST 
homology search was carried out in the same database of genes as in Embodiment 
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1, and as a result, it was found that the base sequence was approximate to 
IGSrRNA gene of a known bacteria belonging to genus Geobacillus which is 
registered with the database. 

From the results of the test for mycological characteristics such as the 
above or from the base sequence of IGSrRNA gene, the strain of the present 
embodiment was acknowledged to be a novel microorganism belonging to genus 
Geobacillus and was designated as Geobacillus sp. SPT5, which was deposited 
with the International Patent Organism Depositary of the National Institute of 
Advanced Industrial Science and Technology on August 18, 2003 (FERM 
BP-08453). 

This strain GeobaciUus sp. SPT5 also has a property of producing a sludge 
solubiUzing enzyme having an excellent ability of sludge solubilization in the same 
way as Geobacillus sp. SPT4 does, and thus can be used in various processes for 
biologicsd treatment of sludge as described later. 

(Embodiment 3) 

Another strain among the selected four strains was tested for the 
mycological characteristics in the manner as described above. The mycological 
characteristics (morphological characteristics, cultivating characteristics and 
physiological characteristics) are as follows^ 

A. Morphological characteristics 

(1) Shape and size of ceU- rod-shaped cell with a width of 0.7 to 0.8 [xia 
and a length of 2.0 [xm 

(2) Presence or absence of motihty^ present 

(3) Presence or absence of spore: present 

B. Cultivating characteristics (Nutrient agar plate culture) 

(l) Colony morphology: circular, entirely smooth edge, low convex 
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(2) Color: cream color 

(3) Gloss^ present 

C. Physiological characteristics 

(1) Gram staining property^ + 

(2) Nitrate reduction: — 

(3) VP test: - 

(4) Indole production: — 

(5) Hydrogen sulfide production: — 

(6) Hydrolysis of starch: — 

(7) Use of citric acid: — 

(8) Urease: — 

(9) Oxidase: + 

(10) Catalase: + 

(11) Growth conditions 

(a) pH: 6.0 to 8.0 

(b) Temperature: 50^0 to 65°C 

(12) Attitude to oxygen: aerobic 

(13) O-F test (Hugh Leifson method): —I— 

(14) Production of acid and gas from saccharides 

D"glucose: acid (+)/gas (— ) 

(15) Fermentabihty test 

(a) Glycerol: — 

(b) L"arabinose: — 

(c) D-xylose: — 

(d) D- galactose: — 

(e) D- glucose: + 

(f) D -fructose: + 
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(g) D-mannose* + 

(h) D-meinnitol- — 

(i) Inositol: — 
(j) Sorbitol: - 
(k) Maltose: + 
(1) Lactose: — 
(m) Sucrose: — 
(n) Trehalose: + 

(16) Other physiological characteristics 

(a) P'Galactosidase activity: — 

(b) Arginine dihydrolase activity: — 

(c) Lysine dicarboxylase activity: — 

(d) Tryptophan deaminase activity: — 

(e) Acetoin production: — 

(f) Gelatinase activity: + 

(g) Ornithine dicarboxylase activity: — . 

Further, the measurement of pH and temperature for growth of the strain 
among the above-described physiological characteristics was carried out as follows. 

A nutrient agar medium (manufactiired by Oxoido Limited) was prepared 
in which pH was adjusted to the pH under test (6.0, 6.5, 7.0, 7.5 and 8.0) using 0.1 
N hydrochloric acid (manufactured by Wako Pure Chemical Industries, Ltd.) and 
0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries, Ltd.), 
or either of them. To this medium, the strain of the present embodiment was 
inoculated, and the amount of cell growth for the strain cultivated at 60^C for 15 
hours was observed to measure the degree of growth quahtatively. The results 
are presented in the following Table 5. 
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Table 5 



+: positive ±- weakly positive 



PH 


Degree of growth 


6.0 


+ 


6.5 


+ 


7.0 


+ 


7.5 


+ 


8.0 


± 



As obvious from Table 5 above, it was found that the strain of the present 
5 embodiment grows at a pH in the range of 6.0 to 8.0. 

Next, a nutrient agar medium (manufactured by Oxoido Limited) which 
was adjusted to pH 6.5 using 0.1 N hydrochloric acid (manufactured by Wako Pure 
Chemical Industries, Ltd,) and 0.1 N sodium hydroxide (manufactured by Wako 
Pure Chemical Industries, Ltd.), or either of them, was prepared. To this medium, 
10 the strain of the present embodiment was inoculated, and the amount of cell 

growth of the strain cultivated at the temperatures imder test (37**C, 45'*C, 50^C, 
eO^'C and eS^'C) for 15 hours was observed to measure the degree of growth 
qualitatively. The results are presented in the following Table 6. 

15 Table 6 



+' positive — • negative 



Temperature 


Degree of growth 


37»C 




45*'C 




so-c 


+ 


eo^'C 


+ 


65»C 


+ 



As obvious from Table 6 above, it was foimd that the strain of the present 
embodiment grows at a temperature in the range of 50**C to 65**C. 
20 Furthermore, the base sequence of 16SrRNA gene of this strain was 
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interpreted. The sequence is as described in SEQ ID No. 3 in the sequence hsting. 
In this interpretation, IGSrRNAgene of the strain of the present embodiment was 
first amplified by the PGR method. The PGR method was carried out in the same 
procedure as in Embodiment 1. The temperature conditions and the reaction 
5 cycle were also the same as in Embodiment 1. The primers used were £dso the 
same as in Embodiment 1. 

Also, determination of the base sequence of the gene was carried out with 
the same DN A decoding device (DN A sequencer) as in Embodiment 1. 

For the base sequence of the strain of the present embodiment, a BLAST 
10 homology search was carried out in the same database of genes as in Embodiment 
1, and as a result, it was found that the base sequence was approximate to 
IGSrRNA gene of a known bacteria belonging to genus Geobacillus which is 
registered with the database. 

From the results of the test for mycological characteristics such as the 
15 above or from the base sequence of IGSrRNA gene, the strain of the present 

embodiment was acknowledged to be a novel microorganism belonging to genus 
Geobacillus and was designated as Geobacillus sp. SPT6, which was deposited 
with the International Patent Organism Depositary of the National Institute of 
Advanced Industrial Science and Technology on August 18, 2003 (FERM 
20 BP-08454). 

This strain Geobacillus sp. SPT6 also has a property of producing a sludge 
solubilizing enzyme having an excellent abihty of sludge solubilization in the same 
way as Geobacillus sp. SPT4 does, and thus can be used in various processes for 
biologic£d treatment of sludge as described later. 

25 

(Embodiment 4) 

Another strain among the selected four strains was tested for the 
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mycological characteristics in the manner as described above. The mycological 
characteristics (morphological characteristics, cultivating characteristics and 
physiological characteristics) are as follows- 

A. Morphological characteristics 

(1) Shape and size of cell- rod-shaped cell with a width of 0.7 to 0.8 \Axri 
and a length of 2.0 to 4.0 \im 

(2) Presence or absence of motility: present 

(3) Presence or absence of spore ^ present 

B. Cultivating characteristics (Nutrient agar plate culture) 

(1) Colony morphology- circular, entirely smooth edge, low convex 

(2) Color: cream color 

(3) Gloss: present 

C. Physiological characteristics 

(1) Gram staining property: + 

(2) Nitrate (Sulfate) reduction: — 

(3) VP test: 

(4) Indole production: — 

(5) Hydrogen sulfide production: ^ 

(6) Hydrolysis of starch: + 

(7) Use of citric acid: — 

(8) Urease: — 

(9) Oxidase: + 

(10) Catalase: + 

(11) Growth conditions 

(a) pH: 6.0 to 8.0 

(b) Temperature: 45^C to 65^C 

(12) Attitude to oxygen: aerobic 
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(13) 0-F test (Hugh Leifson method): -I- 

(14) Production of acid and gas from saccharides 

D- glucose: acid (+)/gas (—) 

(15) Fermentabihty test 

(a) Glycerol: — 

(b) L-arabinose: + 

(c) D-xylose: + 

(d) D"galactose: — 

(e) D- glucose: + 
(£) D -fructose: + 

(g) D-mannose: + 

(h) D-mannitol: + 
G) Inositol: — 

(j) Sorbitol: - 
(k) Maltose: + 
(1) Lactose: — 
(m) Sucrose: — 
(n) Trehalose: + 

(16) Other physiological chgiracteristics 

(a) p-Galactosidase activity: — 

(b) Arginine dihydrolase activity: — 

(c) Lysine dicarboxylase activity: — 

(d) Tryptophan deaminase activity: — 

(e) Acetoin production: — 
(0 Gelatinase activity: + 

(g) Ornithine dicarboxylase activity: — . 
Further, the measurement of pH and temperature for growth of the strain 
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among the above-described physiological characteristics was carried out as follows. 

A nutrient agar medium (manufactured by Oxoido Limited) was prepared 
in which pH was adjusted to the pH under test (6.0, 6.5, 7.0, 7.5 and 8.0) using 0.1 
N hydrochloric acid (manufactxired by Wako Pure Chemical Industries, Ltd.) and 
5 0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries, Ltd.), 
or either of them. To this medium, the strain of the present embodiment was 
inoculated, and the amount of cell growth for the strain cultivated at 60°C for 15 
hours was observed to measure the degree of growth quaUtatively. The results 
are presented in the following Table 7. 

10 

Table 7 

+* positive ±' weakly positive 



pH 


Degree of growth 


6.0 


± 


6.5 


+ 


7.0 


+ 


7.5 


+ 


8.0 


+ 



As obvious from Table 7 above, it was foimd that the strain of the present 

15 embodiment grows at a pH in the range of 6.0 to 8.0. 

Next, a nutrient agar medium (manufactured by Oxoido Limited) which 
was adjusted to pH 6.5 using 0.1 N hydrochloric acid (manufactured by Wako Pure 
Chemical Industries, Ltd.) and 0.1 N sodium hydroxide (manufactured by Wako 
Pure Chemical Industries, Ltd.), or either of them, was prepared. To this medium, 

20 the strain of the present embodiment was inocxUated, and the amount of cell 

growth of the strain cultivated at the temperatures under test (37**C, 45*'C, 50**C, 
GO^C and 65**C) for 15 hours was observed to measure the degree of growth 
qualitatively. The results are presented in the following Table 8. 
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Table 8 



+: positive ±'- weakly positive — : negative 



Temperature 


Degree of growth 


37^C 




45^C 


± 


50°C 


+ 


60°C 


+ 


65^C 


+ 



As obvious from Table 8 above, it was found that the strain of the present 
5 embodiment grows at a temperature in the range of 45**C to 65**C. 

Furthermore, the base sequence of IGSrRNA gene of this strain was 
interpreted. The sequence is as described in SEQ ID No. 4 in the sequence Usting. 
In this interpretation, IGSrRNA gene of the strain of the present embodiment was 
first amplified by the PGR method. The PGR method was carried out in the same 

10 procedure as in Embodiment 1. The temperature conditions and the reaction 
cycle were also the same as in Embodiment 1. 

The primers used were also the same as in Embodiment 1. Also, 
determination of the base sequence of the gene was carried out with the same DNA 
decoding device (DNA sequencer) as in Embodiment 1. 

15 For the base sequence of the strain of the present embodiment, a BLAST 

homology search was carried out in the same database of genes as in Embodiment 
1, and as a result, it was found that the base sequence was approximate to 
IGSrRNA gene of a known bacteria belonging to genus Geobacillus which is 
registered with the database. 

20 From the results of the test for mycological characteristics such as the 

above or from the base sequence of IGSrRNA gene, the strain of the present 
embodiment was acknowledged to be a novel microorganism belonging to genus 
Geobacillus and was designated as Geobacillus sp. SPT7, which was deposited 
with the International Patent Organism Depositary of the National Institute of 
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Advanced Industrial Science and Technology on August 18, 2003 (FERM 
BP-08455). 

This strain Geobacillus so. SPT7 gdso has a property of producing a sludge 
solubilizing enzyme having an excellent abihty of sludge solubilization in the same 
way as Geobacillus sp. SPT4 does, and thus can be used in various processes for 
biological treatment of sludge. 

EXAMPLE 

Hereinafter, Examples of the present invention will be described. 
(Example 1) 

The strain of each embodiment described above was used to carry out the 
test for sludge solubilization. 

The test for sludge solubilization was carried out using excess sludge 
collected from a sewage treatment plant in Kobe. The method of preparing the 
sterilized, cleaned sludge used in the solubilization test and the method of 
solubilization test will be explained below. 

[Method of preparing sterihzed sludge] 

1. Excess sludge was subjected to autoclaving at 121**C for 15 minutes and 
then to centrifugation (about 15,000 g, 10 minutes) to recover the settlement. 

2. The settlement was suspended sufficiently in pure water and then 
subjected to autoclaving and centrifugation under the above-described conditions, 
to recover the settlement. 

3. The settlement was resuspended in pure water and then cleaned by 
centrifugation. This operation was repeated twice. 

4. The settlement was suspended in pure water to a concentration of about 
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10,000 mg/1 and then subjected to autoclaving. The resulting product was 
supphed to the test. 

[Method of solubilization test] 

1. Each strain incubated overnight in a LB liquid medium (manufactured 
by Difco Inc.; 10 g of bactotrjrpton, 5 g of a yeast extract, 5 g of sodium chloride and 
1 L of distilled water) at 63**C was added to the above-described sterihzed, cleaned 
sludge to a volume ratio of 1% and was subjected to shaking incubation at 63°C. 
The concentration of the volatile suspended sohds (VSS) was measured according 
to the Sewage Testing Method (Vol.1) [Japan Sewage Works Association, 
pp.296-297 (1997)]. 

2. The VSS solubilization rate for the sludge was determined based on the 
following equation- 

VSS Solubilization Rate = [(starting VSS concentration - VSS 
concentration after incubation)/starting VSS concentration] x 100(%) 

The test results are presented in Table 9. In Table 9, control means the 
case where bacteria are not added to the system. 



Table 9 



Incubation 
time Chr) 


SPT4 


SPT5 


SPT6 


SPT7 


Control 


0 


0 


0 


0 


0 


0 


24 


25.7 


26.3 


26.1 


23.5 


3.6 


48 


35.5 


35.0 


36.7 


33.2 


4.5 



As it is obvious in Table 9, all of the strains of Embodiments 1 to 4 
exhibited excellent sludge solubilization rates of approximately 25% after 24 hours 
of incubation and excellent sludge solubihzation rates of approximately 35% after 
48 hours of incubation. 
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Although solubiUzation was carried out at GS'^C as described above in the 
sludge solubilization test of the present Example, the temperature for 
solubilization is not limited to this. Solubilization can be carried out at a 
temperature in the range of 45 to 70°C in accordance with the temperature for 
5 growth of the strains of Embodiments 1 to 4. However, in order to attain an 

excellent solubihzation rate, it is preferable to set the temperature in the range of 
50 to 65*»C. 

Next, a mixture of the strain of Embodiment 1, 2 or 3 and the strain of 
Embodiment 4 was used to carry out a test for comparing the sludge solubilization 
10 rate with that of the case where a single bacteriimi was used. The results are 
presented in Table 10. 



Table 10 



Incubation 


SPT4 


SPT5 


SPT6 


SPT7 


SPT4+ 


SPT5+ 


SPT6+ 


time (hr) 










SPT7 


SPT7 


SPT7 


0 


0 


0 


0 


0 


0 


0 


0 


24 


25.3 


26.8 


24.4 


22.7 


26.6 


27.7 


25.5 


48 


36.0 


35.4 


37.1 


33.8 


38.0 


42.5 


39.3 



15 As obvious from Table 10, when a bacterial mixture of the strain of 

Embodiment 1, 2 or 3 and the strain of Embodiment 4 was used, the sludge 
solubilization rate increased as compared with the case where a single bacterium 
was used. This is contemplated to reflect that strain SPT7 of Embodiment 4 
grows under higher pH conditions. That is, when proteins in the sludge are first 

20 decomposed by enzymes (a protease, a lipase, etc.) produced by those thermophilic 
bacteria other than strain SPT7 to produce ammonia, thus pH of the sludge being 
increased. Thus, it is beheved that xmder such conditions, SPT7 proUferates 
actively and produces enzyme related to sludge solubilization to promote sludge 
solubilization. 
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Further, in the case of solubihzing organic soUd matter with a mixture of 
the strain of Embodiment 1, 2 or 3 and the strain of Embodiment 4, it is preferable 
to treat the soUd matter at a pH in the range of 7.0 to 8.5. 

(Example 2) 

Strains Geobacillus sd. SPT4, Geobacillus sp. SPT5, Geobacillus sp. SPT6 
and Geobacillus sp. SPT7 of the respective Embodiments described above have a 
property of producing a sludge solubilizing enzyme which has an excellent abiUty 
of sludge solubihzation as described above and thus can be used in various 
processes for biological treatment of sludge. 

In the present Example, an example of the process for biological treatment 
will be described. 

An apparatus for carrjdng out the process for biological treatment of the 
present Example is provided with, as shown in Fig. 1, a biological treatment unit, 
a settling tank and a solubilization tank. In the present Example, wastewater A 
is introduced into a biological treatment tank 2 via a path 1, and the wastewater, 
which is organic wastewater, is subjected to aerobic biological treatment at the 
biological treatment tank 2. Aerobic biological treatment means decomposition of 
organic matter into inorganic matter such as carbon dioxide or water by biological 
oxidation. 

Next, treated water B which has been biologically treated is introduced 
into a settling tank 4, which is a unit for solid-liquid separation, via a path 3 and 
is subjected to solid-liquid separation. Supernatant hquid C resulting from 
sohd-liquid separation is discharged or the like, and a portion of sludge D which is 
the sohd matter resulting from solid"hquid separation passes through a path 5, 
joins the path 1 and is introduced into the biological treatment tank 2 together 
with wastewater A. 
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The remaining portion of sludge E separated at the settling tank 4 is 
introduced into the solubilization t£ink 7 via the path 6. At the solubihzation 
tank 7, solubihzation of organic sohd nniatter is carried out aerobically under high 
temperature conditions. In this solubilization treatment, each of the novel 
microorganisms of the above Embodiments 1 to 4 is used. 

The solubihzation tank 7 is intended for solubilization of the sludge 
supplied from the biological treatment tank 2 as described above, and this 
solubihzation process is achieved by solubihzing enzymes such as a protease. 
Here, such solubihzing enzymes are those produced by the strains of Embodiments 
1 to 4, namely, Geobacillus so. SPT4 [PERM BP-08452], Geobacillus sp. SPT5 
[FERM BP-08453], Geobacillus sn. SPT6 [FERM BP 08454] and Geobacillus sp. 
SPT7 [FERM BP-08455]. These strains may be either preliminarily maintained 
in the solubilization tank 7, prehminarily included in the sludge supplied to the 
solubihzation tank 7, or freshly added into the solubilization tank 7. Also, these 
four strains can be used individually or in mixtures. 

The temperature of the solubilization tank 7 is set to a temperature in the 
range of 45 to 70**C, and preferably to a temperature in the range of 50 to 65**C, in 
accordance with the temperature for growth of the strains of Embodiments 1 to 4. 
Further, the pH is preferably set to a pH in the range of 5.5 to 9, and preferably to 
a pH in the range of 6 to 8.5, in accordance with the pH for growth of the strains of 
Embodiments 1 to 4. 

(Example 3) 

The present Example is another example of the process for biological 
treatment, and the treatment apparatus of the present Example is provided with, 
as shown in Fig. 2, a concentrating vinit 9 downstream to the setthng tank 4 and 
upstream to the solubilization tank 7. As sludge is concentrated at the 
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concentrating unit 9 before being supplied to the solubilization tank 7, the amount 
of introduction of sludge into the solubilization tank is reduced, and consequently 
HRT at the solubilization tank 7 is extended, thus it being possible to significantly 
reduce the amount of BOD in the treated liquid that is returned fi-om the 
solubilization tank 7 to the biological treatment tank 2. For the concentrating 
unit 9, a concentrating apparatus equipped with means for membrane 
concentration, centrifugal concentration, floating concentration, evaporative 
concentration or the Hke can be used. 

The temperature at the solubilization tank 7 is set to a temperature in the 
range of 45 to 70'*C, and preferably to a temperature in the range of 50 to GS^'C, as 
in Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9, 
and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the 
same as in Example 2 that the four strains can be used individually or in mixtures. 
It is also the same as in Example 2 that the strains may be either preliminarily 
maintained in the solubilization tank 7, preliminarily included in the sludge 
supplied to the solubilization tank 7, or fi-eshly added into the solubiUzation tank 
7. 

The treatment apparatus of this Fig. 2 is arranged such that a portion of 
sludge D which is soUd matter resulting from sohd" liquid separation passes 
through the path 5, joins the path 1 and is introduced into the biological treatment 
tank 2 together with wastewater A, and the remaining portion of sludge E 
separated at the settling tank 4 is supplied to the concentrating unit 9. However, 
the arrangement is not hmited to this, and it is also possible to concentrate at the 
concentrating unit 9 all of sludge D that has been separated at the settling tank 4, 
then to return a portion of the sludge to the biological treatment tank 2 via the 
path 5, and to solubilize the remaining sludge at the solubilization tank 7 by 
means of thermophilic bacteria, as shown in Fig. 3. 
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(Example 4) 

In the present Example, as shown in Fig. 4, a membrane separation unit 
10, by which soUd-liquid separation is carried out in parallel with biological 
5 treatment, is disposed inside the biological treatment tank 2. Therefore, 
sohd-hquid separation is more suitably carried out. 

In the membrane separation xmit 10 that is disposed inside the biological 
treatment tank 2, for example, a membrane having pore size of from 0.1 to 2.5 \im, 
preferably from 0.3 to 0.5 ^xm, is used. 

10 The temperature of the solubilization tank 7 is set to a temperature in the 

range of 45 to TO'^C, and preferably to a temperature in the range of 50 to 65''C, as 
in Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9, 
and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the 
same as in Example 2 that the four strains can be used individually or in mixtxures. 

15 It is also the same as in Example 2 that the strains may be either preliminarily 
maintained in the solubihzation tank 7, preliminarily included in the sludge 
supplied to the solubiUzation tank 7, or freshly added to the solubihzation tank 7. 

(Example 5) 

20 The present Example is an example for removing a phosphorus component 

by microorganisms. A treatment apparatus of the present Example is arranged 
such that, as shown in Fig. 5, a biological treatment tank 2 includes an anaerobic 
tank 2a and an aerobic tank 2b. Further, a phosphorus releasing unit 11 is 
disposed downstream to the setthng tank 4 and upstream to the solubilization 

25 tank 7. In the present Example, phosphorus is released from microorganisms in 
the anaerobic tank 2a, and then the aerobic digestion by microorganisms and 
ingestion of the phosphorus component by microorganisms (accumulation in body) 
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are achieved in the aerobic tank 2b. 

Next, the treated liquid that has been biologically treated is separated 
into primary treated water a and primary sludge x which contains the 
concentrated phosphorus component, in the settling tank 4. In order to release 
5 phosphorus component from the microorganism in primary sludge x, the 

phosphorus component is released in the hquid phase at the phosphorus releasing 
unit 11. In this case, release of the phosphorus component can be carried out by, 
for example, anaerobic treatment, heat treatment, ultrasonic treatment, ozone 
treatment, alkaline treatment or the like, and it is particularly preferable to carry 

10 out it by anaerobic treatment. Next, a flocculating agent is added to secondary 

treated water b, and the phosphorus component is flocculated as a solid component 
at a phosphorus separating unit 12 to give tertiary treated water c which 
substantially does not contain a phosphorus component, and a sohd phosphorus 
component y. This solid phosphorus component y can be used as a raw material 

15 for production of fertilizers or phosphorus compounds. The foregoing secondary 
sludge z is fxirther subjected to solubilization at the solubilization tank 7 for 
volume reduction of the sludge fraction. 

The temperature of the solubilization tank 7 is set to a temperature in the 
range of 45 to TO^'C, and preferably to a temperature in the range of 50 to 65**C, as 

20 in Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9, 
and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the 
same as in Example 2 that the four strains can be used individually or in mixtures. 
It is also the same as in Example 2 that the strains may be either preliminarily 
maintained in the solubilization tank 7, preliminarily included in the sludge 

25 supplied to the solubilization tank 7, or freshly added to the solubilization tank 7. 



(Example 6) 
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The present Example is an example for the case where the loss of heat 
energy is small, the content of the nitrogen-containing organic components or the 
nitrogen-containing inorganic components in the treated water that is discharged 
out of the treatment system is small, and deodorization of an exhaust gas emitted 
5 to the atmosphere is possible. As shown in Fig. 6, on the route of the treated 
hquid to the biological treatment tank 2, a nitrification unit 13 and a 
denitrification imit 14 are disposed, and a portion of the sludge separated at the 
settling tank 4 is returned to the nitrification unit 13 via a recycle path 15, while 
the treated liquid solubilized at the solubilization tank 7 is returned to the 

10 denitrification unit 14 via a heat exchanger 16 and a return path 17. Also, air 
which has entered the solubilization tank 7 via the path 26 is sent to the 
nitrification unit 13 via the path 27. 

The NH4'*' component in the organic wastewater is changed to NO2" or 
NOs^ by nitrifying bacteria at the nitrification unit 13, and this N02~ or NOs" is 

15 introduced to the denitrification unit 14 and then emitted to the atmosphere, thus 
the odor of the gas emitted to the atmosphere being significantly attenuated. 
Further, the heat of the gas discharged from the solubilization tank 7 is effectively 
used in the nitrification treatment at the nitrification unit 13, and thus the loss of 
heat energy is small. 

20 Furthermore, the content of the nitrogen-containing organic components 

or the nitrogen-containing inorganic components in the treated water discharged 
out of the treatment system is substantially zero. 

The temperature of the solubilization tank 7 is set to a temperature in the 
range of 45 to 70^*0, and preferably to a temperature in the range of 50 to 65*^0, as 

25 in Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9, 
and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the 
same as in Example 2 that the four strains can be used individually or in mixtures. 
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It is also the same as in Example 2 that the strains may be either preliminarily 
maintained in the solubilization tank 7, preliminarily included in the sludge 
supplied to the solubilization tank 7, or freshly added to the solubihzation tank 7. 

(Example 7) 

The apparatus for treatment of organic wastewater of the present 
Example includes a biological treatment tank 2 and a solubihzation tank 7, as 
shown in Fig. 7. In the biological treatment tank 2, treatment of organic 
wastewater is achieved batchwise. In the present Example, sewage water was 
used as the organic wastewater. 

In the present Example, treatment is achieved by carrying out the 
processes of inflow of raw water, reaction, setthng, draining, sludge discharge and 
the like in one cycle. More specifically, as shown in Fig, 8, while the system 
receives an inflow of raw water, the processes of aeration, stirring, aeration, 
stirring, aeration, setthng due to stopped aeration, solid-liquid separation and 
solubihzation treatment are carried out in cycles. In this case, aeration is an 
aerobic treatment, while stirring is an anaerobic treatment. Repeated processes 
of aeration and stirring, and the processes of settling and solid- liquid separation 
are carried out in the biological treatment tank 2, and the process of solubilization 
treatment is carried out in the solubilization tank 7. 

A series of the batch processes for wastewater treatment from the 
reception of an inflow of raw water to the discharge of treated water can allow 
adjustment of the duration of treatment in each process so that the processes are 
carried out multiple times (e.g., 2 to 4 times) a day; however, depending on the 
nature and state of wastewater, the duration of treatment in each process may be 
adjusted such that the batch process is carried out, for example, about once a day 
or twice per three days. 
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In the present Example, the process of aeration involves nitrification by 
nitrifying bacteria, and the process of stirring with aeration being stopped involves 
denitrification by denitrifying bacteria. Then, upon stopping of aeration, sludge 
is settled and separated. The supernatant is discharged or the like, and a portion 
5 of the settled sludge is retained in the biological treatment tank 2 for the 

subsequent batch process, while the remaining portion of the sludge is supphed to 
the solubiUzation tank 7 for solubilization treatment. The liquid treated by 
solubihzation at the solubiUzation tank 7 is preferably returned to the process of 
stirring at the first step, as shown in Fig. 9. 
10 The solubilization treated Uquid is returned to the biological treatment 

tank 2 in 3 hours to 30 minutes, and preferably in 1 hour to 30 minutes, before the 
stopping of aeration at the first step. The number of cycles is determined by the 
BOD-SS load at the biological treatment tank. In general, in the case of high load 
operation (BOD-SS load: 0.2 to 0.4 kg BOD/kg SS -day), it is preferable that the 
15 nitrification- denitrification treatment with aeration and stirring is operated in 3 or 
4 cycles. Also, in the case of low load operation (BOD-SS load: 0.03 to 0.05 kg 
BOD/kg SS -day), it is preferable that the nitrification- denitrification treatment is 
operated in 2 or 3 cycles. 

The temperature of the solubilization tank 7 is set to a temperature in the 
20 range of 45 to 70**C, and preferably to a temperature in the range of 50 to 65**C, as 
in Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9, 
and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the 
same as in Example 2 that the foxir strains can be used individually or in mixtures. 
It is also the same as in Example 2 that the strains may be either preliminsirily 
25 maintained in the solubilization tank 7, preliminarily included in the sludge 

supplied to the solubilization tank 7, or freshly added to the solubihzation tank 7. 

In the present Example, the solubilized sludge is returned to the reaction 
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tank of the first (initial) aeration process in 3 hours to 30 minutes, and preferably 
in 1 hour to 30 minutes, before stopping of the aeration. It is possible thereby to 
effectively use the organic matter contained in the solubihzed sludge as a source of 
proton (soinrce of BOD) during the denitrification treatment in order to promote 
denitrification. Therefore, since the amount of chemical agents such as methanol 
that are generally used as the source of proton can be reduced, the cost associated 
with the amount of chemical agents can be also reduced. 

In this case, the duration for solubilization treatment is preferably from 
12 to 72 hours, more preferably firom 18 to 48 hours, and most preferably from 20 
to 36 hours. 

(Example 8) 

The apparatus for treatment of organic wastewater of the present 
embodiment is provided with an anaerobic tank 18, a primary aeration tank 19, an 
anoxic tank 20, a secondary aeration tank 21, a settling tank 4 and a solubilization 
tank 7 as shown in Fig. 9. 

An anaerobic tank 18 has a function of anaerobically digesting organic 
wastewater, and in the case where the return sludge or the sludge in the 
acid-fermented liquid contains phosphorus, the function of releasing the 
phosphorus in the sludge into the Uquid. 

A primary aeration tank 19 is intended for aerobic biological treatment 
through aeration and stirring of the treated liquid that has been anaerobically 
treated at the foregoing anaerobic tank 18, and for oxidative decomposition of the 
organic matter in anaerobically treated water, or nitrification of the ammonia 
inflow. This primary aeration tank 19 may be any one which is notably equipped 
with an aeration means, and for the aeration means, though not limited, for 
example, an aeration tube can be used. The aeration treatment is carried out 
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preferably at room temperature and at a ventilation volume of 0.1 to 0.5 wm in 
order to allow aerobic digestive decomposition^ however, depending on the load, the 
treatment can be carried out at a higher ventilation volume and a higher 
temperature. The liquid to be treated is adjusted preferably to pH 5.0 to 8.0, and 
5 more preferably to pH 7.0 to 8.0. 

An anoxic tank 20 is intended for denitrification of the treated liqmd that 
has been aerobically treated at the foregoing primary aeration tank 19. 

A secondary aeration tank 21 is intended to subject the treated liquid that 
has been denitrified at the foregoing anoxic tank 20 to aerobic biological treatment. 
10 This secondary aeration tank 21 has the same arrangement as the foregoing 

primary aeration tank 19, and biological treatment is carried out by aeration and 
stirring in the same manner. In this case, the secondary aeration tank 21 has 
both functions of nitrification and BOD removal. Further, although not shown in 
the figure, a portion of the nitrified liquid which is the treated liquid from 
15 secondary aeration tank 21, is returned to the anoxic tank 20 for denitrification of 
nitric acid or nitrous acid in the nitrified hquid. 

The settling tank 4 is intended for soUd* liquid separation of the treated 
hquid that has been biologically treated at the foregoing secondary aeration tank 
21, and the sepeurated liquid fi'action is recycled as a treated hquid or discharged, 
20 while the sludge which is the separated and settled sohd firaction is then partly 

supplied to the solubihzation tank 7, with the remaining portion being returned to 
the anaerobic tank 18. 

When sewage water is treated in a treatment apparatus having such an 
arrangement, sewage water is first supplied to the anaerobic tank 18. The 
25 treated water after anaerobic treatment is supphed to the primary aeration tank 
19 of the next process and treated aerobically by aeration and stirring. This 
aerobic treatment by aeration and stirring leads to the nitrification treatment. 
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Next, the treated liquid that has been treated by aeration at the primary 
aeration tank 19 is supphed to the anoxic tank 20. In this anoxic tank 20, 
denitrification is carried out. The treated liquid that has been denitrified at the 
anoxic tank 20 is supplied to the secondary aeration tank 21 and treated 
aerobically by aeration and stirring. This aeration at the secondary aeration tank 
21 leads to nitrification and removal of BOD. 

Next, the treated liquid that has been aerated at the secondary aeration 
tank 21 is suppUed to the settling tank 4. In this settling tank 4, solid-Uquid 
separation occurs, and the separated liquid fraction is recycled as a.treated Uquid 
or discharged, while the sludge which is the separated and settled solid fraction is 
partly supphed to the solubilization tank 7 so that the sludge is solubihzed 
aerobically by the strain of the above-described embodiment. Also, the remaining 
portion of the settled sludge is returned to the anaerobic tank 18 as a return 
sludge. 

The sludge solubilized at the solubilization tank 7 is returned to the 
aforementioned anoxic tank 20 and treated again. Then, denitrification at the 
anoxic tank 20, aeration at the secondary aeration tank 21, sohd-liquid separation 
at the settling tank 4 and solubihzation at the solubilization tank 7 are repeated 
in cycles. 

HRT at the solubihzation tank 7 is preferably selected based on the HRT 
value which maximizes the amounts of bacterial production and secretion. If 
HRT is selected in this way, the reaction under the action of the sludge solubihzing 
enzyme produced and secreted can be efficiently utilized. Typically, HRT is 
preferably set to 12 to 72 hours, more preferably set to 24 to 72 hours in view of 
oxidation of ammonia in the solubihzed hquid, and most preferably set to 36 to 48 
hours in view of balancing between compacting of the solubihzation apparatus and 
improvement of the quality of treated water. 
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Furthermore, the HRT values at tanks other than solubihzation tank 7 
are such that 0.5 to 1.5 hoxirs at the anaerobic tank 18, 2 to 6 hours at the primary 
aeration tank 19, 0.5 to 3 hours at the anoxic tank 20, and 0.5 to 2 hours at the 
secondary aeration tank 2i; and preferably 0.5 to 1 hour at the anaerobic tank 18, 
3 to 5 hours at the primary aeration tank 19, 1 to 2 hours at the anoxic tank 20, 
and 0.5 to 1.5 hours at the secondeiry aeration tank 21. 

The temperature of the solubilization tank 7 is preferably set to a 
temperatvire in the range of 45 to 70*'C, and preferably to a temperature in the 
range of 50 to 65*^0, as in Example 1 above. Fiarther, the pH is also set to a pH in 
the range of 5.5 to 9, and preferably to a pH in the range of 6 to 8.5, as in Example 
2. It is also the same as in Example 2 that the four strains can be used 
individually or in mixtures. It is also the same as in Example 2 that the strains 
may be either preliminarily maintained in the solubilization tank 7, preliminarily 
included in the sludge supplied to the solubilization tank 7, or freshly added to the 
solubilization tank 7. 

(Example 9) 

The present Example is different from the foregoing Example 8 in that 
there are provided two anoxic t£inks and only one aeration tank. 

Thus, the treatment apparatus of the present Exsmiple is provided with a 
pre-anoxic tank 23, an anaerobic tank 18, a compatible tank 24, an anoxic tank 20, 
an aeration tank 25, a settling tank 4, a concentrator 9 and a solubihzation tank 7 
as shown in Fig. 10. 

In the present embodiment, the raw water entering anaerobic tank 18 is 
supplied to the compatible tank 24. 

This compatible tank 24 has a function of changing the return path of the 
sludge and treated liquid (nitrified liquid) from the aeration tank 25 in accordgmce 
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with the degree of denitrification of the sewage inflow. For example, during the 
season of high degree of denitrification such as summer, the compatible tank is 
used as an anaerobic tank to promote the reaction of releasing phosphorus from 
the return sludge in the anaerobic state, whereas during the season of low degree 
of denitrification such as winter, it is used as an anoxic tank to promote 
denitrification reaction of raw water and the nitrified hquid returned fi:om the 
aeration tank 25 to the pre -anoxic tank 23 or the compatible tank 24. 

After the treatment at the compatible tank 24 as such, raw water is 
supplied to the anoxic tank 20 for denitrification thereof, and is supplied again to 
the aeration tank 25 for aerobic biological treatment by aeration and stirring. 
Next, it is supplied from the aeration tank 25 to the settUng tank 4, and is 
subjected to solid-liqtiid separation at this setthng tank 4, the separated hquid 
fraction being appropriately discharged. Further, the sludge which is the 
separated and settled solid fraction is supplied to the concentrator 9 and to the 
solubihzation tank 7. In this case, the aeration tank 25 has the functions of BOD 
removal and nitrification. A portion of the nitrified liquid which is the treated 
liquid from the aeration tank 25 is returned to the pre-anoxic tank 23, and 
preferably (though not shown in the figure) to the anoxic tank 20. 

The sludge solubihzed at the solubihzation tank 7 is returned to the 
compatible tank 24 and is circulated through the cycle of the compatible tank 24, 
the anoxic tank 20, the aeration tank 25, the settling tank 4, the concentrator 9 
and the solubihzation tank 7. In addition to being supplied to the concentrator 9, 
the sludge separated at the settling tank 4 is also returned to the pre-anoxic tank 
23. Further, sludge from the anaerobic tank 18 or the compatible tank 24 is also 
returned to the pre-anoxic tank 23. 

The temperature of the solubilization tank 7 is set to a temperature in the 
range of 45 to 70°C, and preferably to a temperature in the range of 50 to 65°C, as 
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in Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9, 
and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the 
same as in Example 2 that the four strains can be used individually or in mixtxires. 
It is also the same as in Example 2 that the strains may be either preliminarily 
maintained in the solubiUzation tank 7, preliminarily included in the sludge 
supplied to the solubiUzation tank 7, or freshly added to the solubilization tank 7. 

(Example 10) 

The treatment apparatus of the present Example is provided with an 
anaerobic tank 18, an anoxic tank 20, an aeration tank 25, a settling tank 4 and a 
solubihzation tank 7, as shown in Fig. 11. 

In the present example, raw water is anaerobically treated at the 
anaerobic tank 18 so that the phosphorus component in the sludge is released, and 
is supplied to the auioxic tank 20 where it is subjected to denitrification. The 
treated hquid which has been denitrified at the anoxic tank 20 is supplied to the 
aeration tank 25, and ammonia contained in the sludge is changed to nitrous acid 
or nitric acid at the aeration tank 25. That is, nitrification occurs at the aeration 
tank 25. 

Next, the treated liquid that has been nitrified at the aeration tank 25 is 
supplied to the setthng tank 4. Solid-liqmd separation occurs at this settling 
tank 4, and the separated liquid fraction is discharged or the like. A portion of 
the sludge which is the separated and settled solid fraction is supplied to the 
solubihzation tank 7, and the remaining portion is returned to the anaerobic tank 
18 as return sludge. 

The sludge after solubilization treatment is returned to the anaerobic 
tank 18 and is subjected to repetition of the cycle of denitrification at the anoxic 
tank 20, treatment at the aeration tank 25, sohd liquid separation at the settling 
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tank 4 and solubilization at the solubilization tank 7. Further, a portion of the 
nitrified liquid which has been treated at the aeration tank 25 is returned to the 
anoxic tank 20 or the anaerobic tank 18 and denitrified at the anoxic tank 20. 

The temperature of the solubilization tank 7 is set to a temperature in the 
range of 45 to 70°C, and preferably to a temperature in the range of 50 to 65°C, as 
in Example 1 above. Fiurther, the pH is also set to a pH in the range of 5.5 to 9, 
and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the 
same as in Example 2 that the four strains can be used individually or in mixtures. 
It is also the same as in Example 2 that the strains may be either preliminarily 
maintained in the solubilization tank 7, preliminarily included in the sludge 
supplied to the solubiUzation tank 7, or freshly added to the solubilization tank 7. 



